INTRODUCTION {#s1}
============

The inspiratory capacity (IC) and lung and rib cage elasticity decrease in patients with chronic obstructive pulmonary disease (COPD). The 6-minute walk test is the most commonly used test for rating the functional exercise capacity of patients with COPD. It measures four functional indicators: 6-minute walking distance (6MWD), self-perceived dyspnea, oxygen saturation, and heart rate. A 6MWD \<350 m is considered the threshold for poor prognosis[@r1], [@r2]^)^. In addition to dyspnea during exercise, poor trunk mobility is one of the major disabilities in patients with COPD.

Loss of postural control is one of the most common comorbidities in elderly persons. Balance focuses on the complex integration of underlying central nervous system, and somatosensory and neuromuscular inputs. However, behaviors requiring balance naturally decrease with age. Therefore, certain conditions will be associated with more pronounced and rapid deterioration.

Impaired postural control more frequently occurs in elderly persons with COPD. Risk of fall is high in patients with COPD. Over the last 10 years, patients with COPD had difficulty in balancing[@r3], [@r4]^)^. However, little is known regarding the relationship between IC and balance impairment in patients with COPD. No study has investigated the relationship between balance and objectively measured IC.

Our previous study demonstrated that increased functional residual capacity might decrease the active range of thoracic axial rotation[@r5]^)^ and a finger-floor distance[@r6]^)^ in healthy young adults, though the causes and mechanisms of poor thoracic mobility in patients with COPD are complicated. These studies had limitations that required solving, i.e., IC was not measured using spirometry.

In this study, we hypothesize that a degree of decreased IC is associated with the risk of fall and balance disorder and could be a useful clinical tool for the assessment of patients with an emphysematous phenotype of COPD. Therefore, this study aimed to examine the effect of decreased IC as a risk factor of balance impairment based on backward reach with thoracic axial rotation.

PARTICIPANTS AND METHODS {#s2}
========================

Thirteen right-handed healthy male volunteers, recruited from the International University of Health and Welfare (age, 19.2 ± 0.4 years; height, 172.4 ± 5.5 cm; body weight, 64.6 ± 8.2 kg; body mass index, 21.8 ± 2.8 kg/m^2^; mean ± standard deviation), participated in this study. The exclusion criteria were any pathologic condition of the spine, rib, shoulder, hip, or knee in the past 6 months, history of scoliosis, presence of spinal deformation, or rheumatologic or respiratory condition during the study period. All volunteers signed an informed consent form approved by the Institutional Review Board at the University of the corresponding author (Approval No. 2019-Io-1).

The experimental protocol is as follows; first, IC was measured in all participants and then backward reach was executed as far as possible without stepping.

IC was measured in sitting position using spirometry (AS-507, Minato Medical Science Co., Ltd., Tokyo, Japan) according to the recommended guidelines[@r7]^)^.

The experimental procedure of backward reach is shown in [Fig. 1](#fig_001){ref-type="fig"}Fig. 1.The experimental procedure of backward reach.The distance from the measuring instrument at the back of participant's right hand to the heel was the length of the right upper extremity (distance from acromion to the tip of the 3rd metacarpal bone).The instrument was set up behind the participant's right upper extremity.. To perform the backward reach test, the participant stood with their feet approximately shoulder-width apart and arms at their sides. The instrument (CK-101, SAKAI Medical Science Co., Ltd., Tokyo, Japan) was set up behind the participant's right upper extremity. The distance from the measuring instrument at the back of participant's right hand to the heel was the length of the right upper extremity (distance from acromion to the tip of the 3rd metacarpal bone).

To measure reach distance, the participant was instructed to rotate the trunk clockwise and to extend the right hand backward as far as possible while maintaining the toes on the floor. The motion task was practiced several times. The backward reach distance was recorded at the resting expiration level and at two different IC levels: −1/3 and −2/3 IC air inhaled at the resting expiration level from a 2,000-mL capacity graduated cylinder every 100 mL (ACA105, Minato Medical Science Co. Ltd., Tokyo, Japan) ([Fig. 2](#fig_002){ref-type="fig"}Fig. 2.2,000-mL capacity graduated cylinder every 100 mL.). Two repeated measures were acquired at each condition, and the average distance was calculated to determine the actual backward reach. Measurements of IC conditions were performed in a randomized order.

The distance of backward direction in three conditions at two IC conditions in addition to the resting expiration level was analyzed using a one-way repeated measure of ANOVA, and post-hoc analysis was carried out using Bonferroni's method. Statistical analysis of these results was conducted using SPSS for Windows 23.0 (IBM Corporation). Descriptive date are expressed as mean ± standard deviation. P\<0.05 indicated statistical significance.

RESULTS {#s3}
=======

The distance of backward reach at resting expiratory, −1/3, and −2/3 IC was 18.9 ± 4.2 cm, 16.4 ± 4.4 cm, and 14.8 ± 4.8 cm, respectively. Significant effect (p\<0.01) and difference were found between the resting expiratory and −2/3 IC (p\<0.05).

DISCUSSION {#s4}
==========

This study confirmed that the backward reach distance was affected by IC and the degree of decreased IC was associated with balance disorder and risk of fall. Anami et al.[@r8]^)^ examined the relationships between the timed up and go (TUG) test, physical function tests, and the difference in balance activities relative to the severity in patients with COPD. The TUG score was significantly lower than the BODE index quartile, which stands for Body mass index, airflow Obstruction, Dyspnea and Exercise capacity, in the severe COPD group. Therefore, patients with COPD had decreased balance ability, which could lead to an increased risk of falls.

Although a balance assessment is now recommended by clinical practice guidelines for pulmonary rehabilitation, specific tests have yet to be suggested. Oliveira et al.[@r9]^)^ recommended the Berg Balance Scale, Balance Evaluation System test, and Activities-specific Balance Confidence score to assess balance in patients with COPD. However, many of these tests require longer time to perform and participants need to walk. In contrast, this backward reach method is simple and can be performed in a standing position. Therefore, this can be easily introduced in actual clinical setting.

Increased muscle activity to assist respiration and aging effects in addition to decreased IC in patients with COPD leads to poor postural stability due to the limitation of muscular and joint flexibility, including the rib cage. These factors simultaneously affect the postural stability. The study participants were healthy young men. Thus, this is the first study to demonstrate decreased postural stability with quantitatively decreased IC.

This study has some limitations. The number of participants was small and they only consisted of male participants. These limitations might have influenced the results of the present study. Therefore, our results should be interpreted carefully.

Finally, we found that decreased IC conditions tend to greatly lower the backward reach distance, as compared to the three IC conditions. Decreased inspiratory capacity may create loss of balance during the backward reach. This correlation might also be the case in patients with COPD. Furthermore, whether these findings can be applied to patients with COPD remains to be elucidated.
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